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Introduction
It is estimated that approximately 30.4% of households in the United States own cats (w36 million) and 36.5% own dogs (w43 million) (AVMA, 2012) . In the United Kingdom, the comparable figures are 17% (7.4 million) and 24% (8.5 million), respectively, for cats and dogs (PFMA, 2016) . A survey of 3,155 households taken in the United Kingdom suggested that 7% of households surveyed had both species (Murray et al., 2015) , but there is a lack of data concerning the typical interactions that occur in this situation. The current stereotypical image is that cats and dogs do not get on, as often portrayed in popular media. This may, in part, reflect their very different social styles (for reviews, see: Bradshaw and Nott, 1995; Bradshaw et al., 2016) , but both species are capable of expressing amicability to each other (Bonanni et al., 2011; Cafazzo and Natoli, 2009; Mariti et al., 2014; Natoli et al., 2001 ). An amicable relationship can be defined as one with a friendly, mutual bond, which is recognizable through the use of affiliative behaviors, maintaining proximity and effective, nonaggressive communication between individuals (Feuerstein and Terkel, 2008; Ottenheimer Carrier et al., 2013; Natoli et al., 2001 ). Although there is little research exploring the cat-dog relationship, developing an understanding in this area is important for safeguarding the quality of life for a growing number of pets living in households with both species, and for preventing relinquishment due to dissatisfaction with the relationship between the 2 species.
Previously, Fox (1969) has explored the effect of rearing dogs and cats together on their development. He observed that dogs, even when not reared with cats, would try to engage cats in play, whereas only cats experienced with dogs would interact positively with these dogs. Dogs raised with cats were reported to amicably approach the cats wagging their tails, whereas dogs raised without cats engaged in rough nibbling and chewing after initially investigating them. Cats raised with dogs were described as responding passively to the initial approaches of the dogs, but once play was initiated, they responded playfully by pawing the pups and jumping over them. Cats raised without experience of dogs were described as being more passive and fearful when chased by the dogs. This reflects an important point that should be considered when addressing the issue of cat and dog amicability, which is that cats are subject to predation by larger animals, including dogs. At a young age, their fight-flight response protects them from what may be an unsafe situation. If cats have not had experience with (friendly) dogs, their instinctive reactions may be interpreted as hostility in a social context, when they actually reflect a flight response directed toward survival. Dogs raised with cats, but without exposure to other dogs between 3.5 and 16 weeks, showed marked intraspecific socialization deficits initially when introduced to other dogs, but this could be rectified later. Reactions between dog-raised cats and cat-raised cats (cat controls) were not described.
More recently, Feuerstein and Terkel (2008) used a combined observation-questionnaire approach to determine the significance of a wider range of factors on relationships between cats and dogs residing in the same household. Three potential relationship types were considered: amicable, aggressive, and indifferent. Early age at exposure to the other species was found to be important for the successful integration of the dog and cat living in the same home. In addition, an owner's perception was that obtaining the cat before the dog was important for developing an amicable relationship. "Sex" did not appear to be significant, although there might be an interaction with neuter status, with neutered female cats observed to show significantly more "submissive" and frightened responses toward the dogs compared to intact females, but these results were not supported by the results of the questionnaire. Given that relationships are often perceived as matters of degree rather than absolute types (Wish et al., 1976) , it could be argued that a quantitative assessment of the relationship (i.e., degree of amicability) might be more appropriate for assessing the effect of these sort of factors, than a simple binary classification of the relationship (amicable or not). In addition, to date, there appears to have been no consideration of how cat-dog interactions may determine the success of the relationship.
The aims of the present study were first to fill a gap in our knowledge concerning the frequency of different types of interactions that occur between cats and dogs in the same home and second to undertake a multivariate analysis of factors (demographic and cat-dog interactions) that might relate to the quality of the relationship formed between cats and dogs living together.
Method
The research process was approved by the delegated authority of the University of Lincoln's, College of Science Ethics Committee. Fully informed consent was obtained from all participants at the start of the survey, and all data were stored in compliance with the Data Protection Act 1998.
An online questionnaire (SurveyMonkey) that captured an owner's perspective on potential factors influencing the development of an amicable relationship between the domestic dog and cat was developed and advertised online via various cat and dog breedspecific groups, and social media, for example, "Facebook", to generate a snowball sample (Goodman, 1961) . There were 4 main sections to the questionnaire: (1) information about the owner with an initial ranking of the amicability of relationship between a cat and dog in the home on an adapted semantic differential scale. Rating ranged from "1dpets can't stand each other" to "10dclose companions"; (2) information about the cat, including age at introduction to the dog, sex, neuter status, housing status, and type/ breed; (3) information about the dog, as per the cat with the addition of size of the animal; and (4) information regarding the cat and dog relationship, including whether the owner believed the cat and dog were comfortable in each other's presence and questions assessing the frequency of a range of cat-dog interactions, such as one individual picking up a toy to show it the other, or one rolling over in front of the other, food sharing, bed sharing, and threatening behavior. Questions within sections were presented in a computergenerated randomized order. Full details of the questionnaire can be found in the supplementary information file.
To take part, participants were required to be at least 18 years of age and confirm ownership of at least 1 dog and 1 cat which they considered pets. The online questionnaire was open from the 7th December 2015 to 4th January 2016.
Analysis
All statistical analyses were conducted using IBM SPSS version 22 for Windows (IBM Corp., Armonk, NY). Data were first manually cleaned, noncompleted questionnaires were rejected, and summary descriptive statistics were calculated. "Don't know" and "not sure" responses were coded as missing values for the analysis. To initially assess which factors (demographics and cat-dog interactions) are associated with owner's perception of amicability in the cat and dog, correlation analyses were conducted. The significant factors were taken forward for stepwise regression analysis to model the predictive relationship between the factors. Models were conducted separately for demographic factorsdthe presence and absence of certain cat-dog behaviors and the frequency of certain cat-dog behaviors.
Results
We first report descriptive characteristics of the sample and the different types of interactions that occur between cats and dogs in the same home.
Participants
In total, 1,131 participants responded to the survey. Incomplete surveys (those that were started but less than 75% of items were responded to) were removed along with 30 completed responses that did not appear to meet the survey's terms and conditions, leaving a total sample size of 748. Most responses came from residents within the United Kingdom (69.54%), followed by the United States (21.98%), Australia (3.08%), and Canada (2.57%) with the majority of further responses from other European countries (2.21%). No other owner demographic information was collected. Demographic details (total n and % data) of the cats and dogs are presented in Table 1 .
Cat-dog interactions
Total n and percent data for each question assessing cat-dog interactions are reported in the relevant tables. Table 2 reports the presence or absence (yes/no responses) of owner's perception of their cat and dog's comfortability together along with a range of cat-dog interactions. In summary, a large majority of owners perceived their cat and dog as being comfortable in each other's presence. Nonetheless, cats were most frequently observed to have threatened dogs, whereas dogs were infrequently observed to have threatened cats. However, the vast majority reported that neither the cat nor the dog had injured each other. Most owners reported that the 2 species did not show each other a toy, but the cat was observed to roll over in front of the dog by more owners than those who reported the dog rolling over in front of the cat. Both species were reported to prefer not to share things with one another (their food or bed), and this was particularly evident when it came to sharing food.
Assessments of the frequency in which cats and dogs were perceived as being uncomfortable together are reported in Table 3 . Although cats and dogs were rarely perceived as being uncomfortable together, cats were perceived to be more frequently uncomfortable with dogs than vice versa. Table 4 reports owners' assessment of the frequency of cat-dog interactions. It was most frequently reported that the dog and cat were rarely or never seen to groom each other or play together. However, with regard to playing together, the second most frequently reported category was "every day," indicating a bimodal distribution in this response rather than linear trend. A large majority of owners also recorded that the cat and dog spent time in the same room together "every day."
Amicability in the cat-dog relationship
The average rating of perceived amicability in the cat-dog relationship was 6.46 AE 2.31 (mean AE standard deviation), highlighting that most owners perceived their cat and dog to get along well together (see Table 5 ). Indeed, ratings below a score of 4 (10-point scale) were rare, suggesting that very few owners perceived their cat and dog as unable to stand each other. Nonetheless, very few owners scored their cat-dog relationship a 9 or 10, indicating that although the cat-dog relationship could largely be considered as amicable, it was rarely considered a close relationship.
Factors associated with amicability
The following demographic factors (P < 0.01) were significantly associated with owners' amicability ratings of the cat-dog relationship: the age at which the cat was introduced to the dog, the age at which the dog was introduced to the cat, cat neuter status, and cat housing status. Owners' perceptions on the presence/ absence of a number of cat-dog interactions that significantly correlated with amicability rating scores included the following: comfortability of the cat in the presence of the dog, comfortability of the dog in the presence of the cat, lack of observations of threatening behavior between the 2 (both cat and dog initiated), lack of observations of the cat injuring the dog, observations of both species (cat and dog initiated)dshowing each other a toy, rolling over in front of each other, sharing food together, and sharing their bed with each other. Owners' perceptions on the frequency of catdog interactions that significantly correlated with amicability scores included the frequency with which the cat and dog played together, the dog groomed the cat, the cat groomed the dog, and the cat and dog spent time together in the same room. In addition, reduced frequencies of the cat appearing uncomfortable around the dog and the dog appearing uncomfortable around the cat were associated with higher amicability scores.
Factors predicting amicability
To model factors predicting perceived amicability in the cat-dog relationship, the age at which the cat was introduced to the dog, age at which the dog was introduced to the cat, cat neuter status, and cat housing status were entered as predictor variables. Variance inflation factors (VIFs) and tolerance factors for the predictor variables were no larger than 1.02 and no smaller than 0.86, respectively, across the models. Therefore, they do not contravene the threshold value for VIFs of at least 5 and tolerance statistics of less than 0.2 used to suggest multicollinearity (Kutner et al., 2004) . The final model, which explained 13.7% of the variance F(2, 734) ¼ 58.21, P < 0.01, r 2 ¼ 0.137, indicated that the age at which the cat was introduced to the dog was the strongest predictor of amicability (introducing a cat to the dog at a younger age predicted greater amicability), followed by cat housing status (cats who spend time indoors predicts greater amicability with dogs) (see Table 6 ).
Factors included in the analysis, which did not appear in the final regression model, were the age at which the dog was introduced to the cat and cat neuter status. To model the presence and absence of certain cat-dog behaviors as predictors of amicability, the following variables were entered: cat comfortable in the presence of the dog, dog comfortable in the presence of the cat, cat has threatened dog, dog has threatened cat, cat has injured dog, cat shows the dog a toy, dog shows the cat a toy, cat rolls over in front of the dog, dog rolls over in front of the cat, cat shares food with the dog, dog shares food with the cat, cat shares bed with the dog, and dog shares bed with the cat. VIFs and tolerance factors for the predictor variables were no larger than 2.02 and no smaller than 0.68, respectively, across the models. The final model, which explained 56% of the variance, F(9, 726) ¼ 102.74, P < 0.01, r 2 ¼ 0.560, revealed that comfortability of the cat was the strongest predictor of perceived amicability in the cat-dog relationship followed bydthe dog being happy to share its bed with the cat, absence of the cat threatening the dog, the cat rolling over in front of the dog, absence of the dog threatening the cat, the dog rolling over in front of the cat, the dog being comfortable in the presence of the cat, the cat being happy to share their food with the dog, and the cat picking up a toy to show the dog ( Table 6 ). Factors that were not retained in the final model included the following: the cat injuring the dog, the dog picking up a toy to show the cat, the dog being happy to share their food with the cat, and the cat being happy to share their bed with the dog. To model the effect of owner's observations of cat-dog interactions on amicability rating scores, the following variables were entered: frequency that the cat and dog play together, that the dog grooms the cat, that the cat grooms the dog, that the cat and dog spend time together in the same room, that the cat is uncomfortable in the presence of the dog, and that the dog is uncomfortable in the presence of the dog. VIFs and tolerance factors for the predictor variables were no larger than 1.74 and no smaller than 0.61, respectively, across the models. The final model that accounted for 57.3% of the variance F(6, 699) ¼ 156.19, P < 0.01, r 2 ¼ 0.573, revealed that the strongest predictor of perceived amicability was a lower frequency of the cat appearing uncomfortable around the dog, followed by a greater frequency of the cat and dog playing together, a greater frequency of the cat grooming the dog, a greater frequency of the dog and cat spending time in the same room together, a lower frequency of the dog appearing uncomfortable around the cat, and a greater frequency of the dog grooming the cat ( Table 6 ). All factors that were entered into the analysis appeared in the final model.
Discussion
With the aim of identifying the frequency of cat-dog interactions within the home and assessing which interactions are best predictors of perceived amicability in the relationship, we collected online survey data from owners of cats and dogs. Most owners believed that their cat and dog were comfortable in each other's presence and showed amicability in their relationship. A range of demographic factors and cat-dog interactions predicted perceived amicability in the relationship; these appeared to be weighted toward cat-related factors, in that cat factors were stronger predictors than dog factors.
Cats and dogs were rarely seen to groom each other, but some owners regularly observed their cat and dog playing together and most cats and dogs spent time in the same room as each other every day. Although both species were regarded as being comfortable in each other's presence, a greater percentage of owners believed their cat was not comfortable with the dog than vice versa. Indeed, it appears that cats display more aggressive or antagonizing behaviors toward dogs than vice versa (injuring and threatening the dog) and that cats are less willing than dogs to share their bed and their food with the other species. However, given that the issue of bed size was not addressed, the cats' lack of willingness to share their bed should not be overemphasized. Indeed, cat beds are often small (because cats are often smaller than dogs), and as such, it may not be as practical for a dog to share a cat's bed as it is vice versa. Considering the effect of bed size represents an interesting point for future research, and evaluation of the animal's behavior when the other species approach their bed should be carefully considered in future. Nonetheless, cats' unwillingness to share their food and relatively greater display of aggressive behavior toward dogs may reflect the fact that dogs have been subject to greater domestication than cats, with greater controls exerted over their reproduction and behavior (Izawa and Doi, 1994) , and as such, it is argued that at both a physiological and behavioral level, cats are at a more recent stage of domestication than dogs (Bradshaw, 1992; Bradshaw and Hall, 1999) ; this may make it more challenging for the cat to feel comfortable around another species. It might also be that as the cat (15) is the smaller species, owners see it as the more vulnerable one and so are more willing to accept agonistic behavior by it toward the dog but not the converse and eliminate one of the species when the latter happens. The issue of survival strategies and the risk associated with performing certain behaviors should also be revisited here. Although cats may cause some harm to dogs, they are unlikely to cause life-threatening injuries. By contrast, dogs killing domestic cats is not unheard of, and a bite administered by a dog is likely to have greater impact on the cat than vice versa. As such, cats may display more aggressive behaviors toward dogs than dogs do toward cats; such behaviors may reflect threat of harm to allow escape, whereas in dogs, the behavior may be more closely associated with predation and thus devoid of communicative signals. In both cases, neither display would reflect the level of social amicability or hostility in the relationship between the dog and cat. These considerations might explain why the cat appears to be the key player in determining amicability in the cat-dog relationship and this was evident across the models. For instance, in the demographic model, the age at which the cat was introduced to the dog was a significant predictor (younger age predicted greater perceived amicability), but the age at which the dog was introduced to the cat was not retained in the model. Although previous studies have reported that the age of both species at introduction to one another is important (Feuerstein and Terkel, 2008) , it has also been suggested that age at introduction is particularly important for cats (Fox, 1969) and this is supported by the present findings. We propose that age at introduction alone is not sufficient to explain amicability, indeed cat housing status was also a significant factor contributing to the variance. When cats live alongside others in their household, they show greater amicable behaviors (Adamelli et al., 2005) . Greater amicability when the cat lives indoors may reflect that the 2 species are then provided more opportunity to learn about each other through behavioral observations (CrowellDavis et al., 2004; Slabbert & Rasa, 1997) . However, it should be noted that allowing cats a rich and varied environment is important to promote well-being and relationships (Ellis, 2009 ); therefore, it should not be interpreted that cats and dogs should be regularly confined to the same room together, rather that they be provided the opportunity to be together should they so choose.
Further evidence for the relative importance of the cat compared to the dog is observed in models of cat-dog interactions.
Comfortability of the cat was a stronger predictor of amicability than comfortability of the dog, and frequency of the cat appearing uncomfortable with the dog was a stronger predictor than the dog appearing uncomfortable in the presence of the cat. Furthermore, the cat sharing food with the dog and picking up a toy to show the dog were significant predictors (although it should be noted only a small percentage of owners observed this occurring), but the dog sharing food with the cat and picking up a toy to show the cat were not included in the final model. By contrast, the dog sharing their bed with cat was a stronger predictor than the cat sharing their bed with the dog. It is possible that since dogs are arguably more food orientated than cats, their owners do not expect them to share their food, but they do their bed. In addition, frequency of playing together was a stronger predictor of perceived amicability than time spent together suggesting that the quality rather than quantity of interactions is most important. This is the first study, known to the authors, which considers a range of factors alongside age at introduction, neuter status, and sex, which may affect the cat-dog relationship. With growing interest in the value and benefits of keeping pets (e.g., Mills and Hall, 2014) , it is important we increase our knowledge of how different species can live harmoniously together, so that these potential benefits are not undermined by the stress caused by poor interspecific relations.
These results provide useful initial insight into some of the issues that may affect a multispecies home, but we acknowledge the limitations associated with this type of survey. Although we were able to collect data from a large sample of cat and dog owners, these were not supported by scientific observations of cat and dog behaviors, which would allow more objective assessment of the perceptions reported. Similarly, the conclusions are based on the perceptions of 1 individual living in the house with the cat and dog, and providing evidence from 2 or more household members might increase confidence in the validity of these conclusions. In addition, we do not consider how the relationship, or the bond, between the owner and the cat and dog may affect perceptions of amicability. These are all important factors to consider for future research in this largely neglected area. Furthermore, assessments of cat and dog health and behavioral issues in home with 1 or 2 species may also be valuable to consider as an extension of this research to explore whether well-being is comprised in cat-dog households. In summary, based on the findings of this survey, it appears that cats and dogs can live amicably in the same home. Owners should consider that the age at which the cat is introduced to the dog is often important for later cat comfortability. Where possible, we recommend that cats should be of a young age (preferably less than 1 year) when introduced to the dog. Factors such as allowing the dog and cat time together, but also, time apart are important to consider for improving cat-dog relationships within the home. Owner's perceptions of amicability appeared to be more influenced by "cat factors" than "dog factors," and this may reflect differences in the relative social tendencies of the 2 species, or owner biases toward them.
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